The mediastinum is a host for a number of un usual primary neoplasms, as well as the site of metastasis.\[[@ref1]\] Several benign and inflammatory conditions can also present as mediastinal lymphadenopathy (ML). The presence of ML in patients without other primary lesions can present a diagnostic dilemma. The exact location and the context of the lymphadenopathy is a major determinant of what modality can be employed for imaging or diagnosis. Computed tomography (CT) scans and Positron emission tomography (PET) scans can determine the size and metabolic status, respectively, but tissue diagnosis is required for definitive diagnosis and patient management. This is especially true if the patient has had no previous malignancy or if a new primary is suspected. In addition, while PET scan and CT are accurate, we have previously shown that false-positive and false-negative diagnosis can frequently result, should one rely on the size of the lesion or the standard uptake value obtained from PET.\[[@ref2]\] Mediastinoscopy, though considered a standard method for mediastinal lymph node staging, is limited by its invasiveness, cost, possible complications, and the need for general anesthesia. Since Wiersema *et al*.\[[@ref3]\] described the first successful endoscopic ultrasound-guided fine needle aspiration (EUS-FNA) of a mediastinal lymph node in 1993, this method has proven to be a versatile, dynamic tool in our diagnostic arsenal.

In addition, the rapid advancement in immunohistochemical, molecular, and molecular diagnostic techniques available in cytopathology has further expanded the diagnostic horizons of EUS-FNA. We can increasingly do "much more with much less." This holds particularly true for conditions and malignancies with unique and specific immunohistochemical properties or patterns.

On-site cytopathology interpretation has been previously shown to improve the diagnostic yield of EUS-guided FNA.\[[@ref4][@ref5]\] On-site assessment helps to ensure that cytopathological samples aspirated by endoscopist are both representative of the target organ and adequate for diagnosis.\[[@ref6][@ref7]\] This is particularly important when trying to differentiate between a suspected malignancy and a benign/inflammatory process. Preliminary assessment of specimen also allows the cytopathologist to prospectively identify cases that would benefit from additional aspirates for performing confirmatory immunocytochemical stains or flow cytometry.\[[@ref8]\] In addition, ultrasonographic features, such as echogenicity, borders, contours, and size may add further information to help synthesize a diagnosis.\[[@ref9]\]

We describe our institution\'s unique experience in the use of immunohistochemical staining with samples obtained with EUS-FNA in patients with ML.

Methods {#sec1-1}
=======

Study population {#sec2-1}
----------------

After obtaining Institutional Review Board approval of the University of Alabama at Birmingham, data collected prospectively from all patients with CT documented ML who underwent EUS-guided FNA between September 2000 and May 2007 by the same endosonographer (M.A.E) were combined into the study database. Data were collected in 116 patients, including 136 LNs. Included patients were those with mediastinal adenopathy of unknown origin. Patients with known lung cancer or suspected lung cancer were excluded from this analysis, since these data were concerned mostly with idiopathic mediastinal lymph nodes. Patients with esophageal obstruction, coagulopathy, and those unable to consent or undergo endoscopy were also excluded from the study population.

Data collection {#sec2-2}
---------------

Data abstraction was done by retrospective review of a databank of patients who underwent EUS during the study period. Follow-up data were obtained with electronic medical records review.

EUS-guided FNA {#sec2-3}
--------------

EUS was performed under conscious sedation by a single endosonographer (M.A.E.) as previously described, who was aware of the presence of enlarged LN. A curvilinear echoendoscope (Olympus UC-30P or UCT 140) was inserted (Olympus America, Melville, NY) in the stomach where the examination started with full evaluation of the left adrenal gland by imaging it from the fundus of the stomach. The echoendoscope was then gradually withdrawn to evaluate the inferior pulmonary ligament nodal station (\#9), the periesophageal areas (\#8), the subcarinal space (\#7), the aortopulmonary window (\#5), and the upper and lower paratracheal LNs (\#2 and 4). Once an LN was identified, EUS-FNA of the target lesion(s) was performed as previously described in the presence of a cytopathologist.\[[@ref7]\] Additional passes were performed at the discretion of the pathologists for ancillary studies such as immunostains, flow cytometry, or culture (See [Table 3](#T3){ref-type="table"} or supplemental table for specific immunostains performed).

###### 

Lymph node location and EUS characteristics

![](ATM-7-84-g001)

###### 

Final diagnosis of LNs
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###### 

Individual cases with selective use of immunohistochemical stains
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All EUS-FNAs were performed with 22-gauge Echotip needles (Wilson-Cook Inc, Winston-Salem, NC). Cytologic diagnosis of the aspirated lesion was classified into the following four categories: (1) benign or reactive, (2) positive for malignancy, (3) atypical or suspicious for malignancy, or (4) non-diagnostic. The endosonographic criteria for malignant involvement of the LN were documented before cytologic evaluation as previously described.\[[@ref9]\]

Diagnosis of malignancy was based on FNA findings and clinical follow-up data such as surgical specimens or unequivocal radiological findings of cancer progression. Patients were considered to have benign lymphadenopathy only if (1) the FNA was non-malignant, (2) surgical and pathologic findings of the target LN from thoracotomy or other surgical procedure were benign, and (3) results of clinical and radiological 6-month follow-up were negative for malignancy at that LN. If any of the above was positive for malignancy, the target LN was considered malignant.

Statistical analysis {#sec2-4}
--------------------

Results are described in frequencies and percentages for categorical variables and medians and interquartile range (IQR) for continuous data. Given patients with atypical FNA reads are usually treated in a similar fashion as those with benign reads, atypical FNA reads were considered benign when calculating sensitivity, specificity, and accuracy of FNA. Similarly, suspicious FNA reads were considered malignant. All statistical analyses were performed using Stata 10.1 (StataCorp, College Station, TX).

Results {#sec1-2}
=======

A total of 116 patients were included, and a total of 136 mediastinal LNs were sampled. Mean age of patients was 54.5 years (SD 16), 52.5% were men (61 patients) and 77.6% were white (90 patients). Of the 116 subjects, prior malignancy was present in 45% (52 patients). Prior chest CT was performed in 86% (99 patients); PET scan in 40% (46 patients). Prior LN biopsy was performed in 26 patients (22%).

The location of lymph nodes and their respective EUS characteristics are shown in [Table 1](#T1){ref-type="table"}. Sites of examined LNs were subcarinal (103 LN, 76%), lower paraesophageal (12 LN, 9%), aortopulmonary window (8 LN, 6%), other locations (9 LN, 7%), and 2 LN with missing location. The median long axis diameter was 28 mm (IQR, 18-37 mm) and short axis diameter was 13 mm (IQR, 9-20 mm). Sharp borders were seen in 33 LN (25%), round shape was noted in 21 LN (16%), and hypoechoic appearance in 54 LN (40%). Mean number of EUS-FNA passes was 3.8 (SD 1.3).

FNA was read on-site as malignant in 21 (16%), benign in 100 (74%), suspicious in six (4%), atypical in three (2%), and inadequate sample in six (4%). Sixty-four LN were deferred for additional studies; 22 for immunocytochemical analysis and 26 for GMS stain and 21 for flow cytometry. Final FNA read was malignant in 28 (21%), benign in 103 (76%), suspicious in three (2%), and atypical in 2 (1%).

Final diagnosis of the LN was confirmed by pathology, imaging, or 6-month clinical follow-up in 114 LNs (84%). Among these cases, the sensitivity, specificity, and accuracy of the final FNA read to predict final LN diagnosis of malignancy was 100%.

In multivariable analysis, the significant independent predictors of malignancy in EUS-guided FNA were prior history of a cancer (Odds ratio \[OR\], 13.10; 95% Confidence interval (CI), 2.71-63.32; *P*=0.001), short axis (OR, 1.10; 95% CI, 1.00-1.22; *P*=0.041), and presence of sharp LN borders (OR, 5.47; 95% CI, 1.01-29.51; *P*=0.048). Patient age, race and gender, long axis, and round shape were not independently associated with FNA positive for malignancy in our cohort.

Final diagnosis of the 136 LN is shown in [Table 2](#T2){ref-type="table"}. Of those, disclosed metastatic malignancies included Hodgkin\'s lymphoma (3 patients, 5 LN), non-Hodgkin\'s lymphoma (5 patients), lung cancer (4 patients, 5 LN), breast cancer (6 patients, 6 LN) \[[Figure 1](#F1){ref-type="fig"}\], renal cell carcinoma (2 patients) \[Figures [2](#F2){ref-type="fig"} and [3](#F3){ref-type="fig"}\], colon carcinoma (3 patients), \[[Figure 4](#F4){ref-type="fig"}\] endometrial carcinoma (1 patient), Fallopian tube carcinoma (1 patient), hepatoma (1 patient), melanoma (1 patient), [Figure 5](#F5){ref-type="fig"} and unknown primary site carcinoma (1 patinent). Summary of the subjects with metastatic malignancies and associated ancillary studies is shown in [Table 3](#T3){ref-type="table"}.

![(a) Aspirate smear, Diff-Quik stain, power, ×20 showing pleomorphic malignant-appearing cells, with large nuclei and nucleoli. (b) Cell block, H and E stain, power ×10, showing clumps of atypical cells. (c) Cell block, Estrogen receptor stain, showing the strong nuclear stain, some cells with intracytoplasmic mucin consistent with breast cancer, ×40](ATM-7-84-g004){#F1}

![Diff-Quik smear: Metastatic carcinoma, renal cell type showing clumps of malignant-appearing cells with abundant clear cytoplasm, ×20. Atypical cells are immunoreactive for CD10, vimentin, and broad-spectrum cytokeratin, RCC. Inset: Higher magnification showing clear, vacuolated cytoplasm with large nuclei, prominent nucleoli typical of RCC (cell block, ×40)](ATM-7-84-g005){#F2}

![Left hilar node, cell block, immunohistochemical stain for vimentin ×20. The atypical cells described in [Figure 2](#F2){ref-type="fig"} stain positively with vimentin supporting the diagnosis of metastatic Renal Cell Carcinoma](ATM-7-84-g006){#F3}

![Colon Adenocarcinoma. (a) Aspirate smear, Diff-Quik stain, power, ×20 with large adherent groups of pleomorphic cells with increased nucleus to cytoplasm ratio. (b) Cell block, Mucicarmine stain indicating presence of mucin in the atypical cells which appear arranged in glandular structures, power, ×40](ATM-7-84-g007){#F4}

![Melanoma (a) Cell block, S-100 stain showing a positive (brown) nuclear and cytoplasmic staining, ×10. (b) Aspirate smear, Diff-Quik stain, ×20 with highly pleomorphic cells, some binucleated with prominent nucleoli. (c) Cell block, higher magnification showing characteristic prominent cherry red nucleoli](ATM-7-84-g008){#F5}

Discussion {#sec1-3}
==========

Just as the technology, imaging and sampling modalities available to clinicians have expanded, the Pathologist\'s diagnostic armament including new molecular techniques, novel antibodies in immunocytochemical staining, and specimen processing has expanded dramatically over the past decade as well.

EUS-FNA is a minimally invasive technique well suited for cytologic and immunohistochemical diagnosis of mediastinal lesions. Among the 116 patients in our study, the sensitivity, specificity, and accuracy of the final FNA read to predict final LN diagnosis of malignancy were 100%. Other smaller studies\[[@ref10]\] have shown sensitivity and accuracy of EUS-FNA to be about 69% and 75%, respectively. In that study involving 20 patients, surgical diagnostic procedures were precluded in 60% of the patients. Similar results are mirrored in larger studies\[[@ref11]\] in the context of patients with previous extrathoracic malignancy and suspected mediastinal metastases, where EUS-FNA consistently demonstrates high sensitivity (86%) and accuracy (91%).\[[@ref11]\] Negative predictive value of EUS-FNA for mediastinal staging was found to be 72% by the some authors.

The role of EUS-FNA even in low-volume EUS centers (\<50 mediastinal EUS-FNA/endoscopist/year) has been examined by a recent European study\[[@ref12]\] involving 213 patients where the clinical impact of EUS-FNA was evaluated by using the classification put forward by Chen and Eloubeidi.\[[@ref13]\] The study concluded that EUS-FNA had a positive impact on clinical management in 178 of 213 (84%) procedures, whereas only in 16 of 213 (8%) procedures, clinical management was considered to have been negatively affected by the cytological results by providing false-negative or inconclusive cytology. This overall positive effect of cost-reduction was also quantified by calculating the total cost of the actual diagnostic workup vs the total cost of the alternative diagnostic workup, including the costs of all the components of the diagnostic procedures (In the alternative diagnostic workup, for example, mediastinoscopy instead of EUS-FNA would have been performed in 143 patients with an estimated complication risk of 2%).

It is not surprising then that by performing 213 EUS-FNAs, €100 593 (or \~133 000) were saved\[[@ref12]\] (not including the cost of surgery for non-diagnostic alternative interventions). The impact on cost reduction has been corroborated by other authors as well. Eloubeidi *et al*.\[[@ref14]\] showed an even higher average cost reduction of \$11 033 per patient by using EUS-FNA instead of mediastinoscopy as the primary staging tool in patients with non-small cell lung carcinoma. Combining EUS-FNA with PET has also been shown to reduce staging costs by 40% by obviating surgical staging.\[[@ref15]\]

Traditionally, the use of EUS-FNA for ML has been in the context of lung cancer staging where it has clearly been shown to reduce the incidence of futile thoracotomies (especially where the stage of the disease is more advanced than expected preoperatively) from 25% to 9%.\[[@ref16]\] It can also facilitate a more thorough examination of not only the mediastinal nodal stations but also the adrenals\[[@ref17]\] and other infradiaphragmatic sites of potential spread. Although conventionally mediastinoscopy was regarded as the "gold-standard" for mediastinal staging, it is limited in sampling less accessible areas such as aortopulmonary, retrotracheal, posterior carinal, or inferior mediastinal lymph nodes. Also, with the lower complication rates following EUS-FNA in various cohorts,\[[@ref11][@ref18][@ref19]\] EUS is now indicated as a minimally invasive alternative for surgical staging in recent lung cancer staging guidelines.\[[@ref20]\]

Characteristic immunostaining and cytomorphological features help in diagnosing less common tumors in locations other the mediastinum sampled with EUS-FNA (such as the solid-pseudopapillary tumors of the pancreas with immunostaining for Neuron-specific enolase,α~1~-antitrypsin, and α~1~-antichymotrypsin\[[@ref21]\] or either CD117 immunostaining or high-resolution amplicon melting analysis for CD 117/PDGFR mutations for Gastrointestinal stromal tumors\[[@ref22][@ref23]\]).

EUS with FNA provides a viable approach to the diagnosis and staging of tumors in the head and neck region as well, when there is a suggestion of esophageal invasion on CT or MRI, or enlarged mediastinal lymph nodes.\[[@ref24]\] Additionally, for example, parathyroid hormone concentration measurement in the aspirated material in cases of suspected mediastinal parathyroid adenomas may make EUS-FNA a useful adjunct in diagnosing mediastinal parathyroid adenomas.\[[@ref25]\]

Even for hepatic lesions, early experience\[[@ref26][@ref27]\] suggests that EUS-FNA is comparable with CT-FNA in terms of diagnostic utility. EUS FNA should be considered especially if the lesion is in the hilum and left lobe of the liver or the proximal biliary tract. The gallbladder, extrahepatic biliary system, and perihilar lymph nodes are readily accessible as well.

Our study outlines the role of EUS-FNA in diagnosing the non-malignant, inflammatory, or infectious causes of ML such as sarcoidosis, fungal infections, especially when special features help direct onsite evaluation toward the correct diagnosis. In one study,\[[@ref28]\] sensitivity of EUS in detecting granulomas in patients with sarcoidosis causing ML was 87% (with cell-block analysis added to conventional cytological evaluation), with the optimal yield for granuloma detection reached with four needle passes. These non-malignant conditions are particularly suited for diagnosis through EUS-FNA when characteristic pathologic findings (such as asteroid bodies or epitheloid granulomas) are seen.

Working in association with an experienced cytopathologist aware of artifacts inherent in EUS-FNA sampling can minimize diagnostic errors.\[[@ref26]\] This is especially relevant with lesions that have characteristic histopathologic and immunophenotypic features.\[[@ref29]--[@ref31]\] With some of these lesions where ancillary immunophenotyping may be key to diagnosis, EUS-FNA has been shown to be superior to CT-guided FNA.\[[@ref32]\]

In our study, the history of prior malignancy was associated with detection of malignant lymph nodes in the mediastinum. From our observation and interactions with our pathology group, we note that it is of paramount importance to discuss the clinical history with our colleagues in cytopathology at the time of tissue collection, so that adequate material can be obtained at the time of onsite interpretation for further ancillary studies such as immunostains, flow cytometry, and culture.

Limitations of our study included the retrospective evaluation of data which were prospectively collected. In addition, the majority of the LNs of our cohort were located at level 7, which is most likely explained by referral bias regarding the utility of EUS-FNA in this subset of patients. The other limitation is the absence of surgery and 6-month follow-up in a small proportion of our patients. We used a compound reference standard similar to other investigations in the field.

With our study, we describe the unique experience in evaluation of ML at our institution and reiterate the expanding and central role of EUS-FNA in diagnosing mediastinal pathology.
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